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Abstract. Out of the project EMuRgency a game-based learning environment 
evolved, which trains school children in providing reanimation and cardiopul-
monary resuscitation (CPR). The application gets players to act as if they were 
in a real case of emergency. This paper reports on a formal usability study con-
ducted with two different groups of learners, regular learners and learners with 
special educational needs (SEN). With the study we compared the two groups 
of learners with regard to game usability and effectiveness of the intervention. 
Our intention was to better understand the different needs and requirements to 
learning materials that game designer need to take into consideration in order to 
make the learning experience successful for both groups. A total of 89 children 
played the game simulation. Results showed differences in perception and ef-
fectiveness of individual mechanisms for the two groups with regard to usabil-
ity or switching between tasks and mobile device. 
Keywords: games for health, mobile learning, serious games, learner centric 
design. 
1 Introduction 
The need for constantly applying new motivational strategies and providing innova-
tive learning scenarios is comprehensive and not restricted to a particular target group. 
Mobile technology is currently regarded one foothold to react to this demand and 
bring sustainable change to the classroom. The interactive nature of mobile media 
enhances the learning experience by augmenting objects, places and activities thus 
adding context to learning objects and inherently supports the concept of student cen-
tred, active learning approaches [27] such as inquiry-based learning or discovery 
learning. Still, educational practitioners seem to be reluctant in using this technology. 
It is arguable that beyond learning theory und motivational aspects, e.g. school chil-
dren’s attraction for the device, its perceived potential to deliver relevant knowledge is 
not consistently clear. While more mobile applications are being developed for  
educational settings, little is known about how the learning process can be transformed 
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when using them [20]. A particular challenge is to find adequate curricular functions 
in school where the inclusion of these new cultural resources can and should be intro-
duced [7]. Also, most of the devices used for learning were not designed with educa-
tional applications in mind and usability issues are often the case. In order to support 
the use of mobile devices for educational purposes, usability issues should be  
tracked over a longer period, from initial use through to a state of relative experience 
with the technology [12]. Still, many digital tools for learning do not take this into 
consideration. 
In order to provide effective tools for learning, it is important to consider learning 
over technology, i.e. considering how technology can be used to provide different 
groups of learners with better opportunities and enhanced learning outcomes. The 
need to align learning materials to its target audience seems to go without saying. 
There has been common understanding of learning and motivation as ‘natural proc-
esses that occur when the conditions and context of learning are supportive of indi-
vidual learner needs, capacities, experiences and interests [16, p. 5]. Along these 
lines, the process of developing digital learning offers needs to focus on the tasks 
learners must undertake, the tools they can use to deal with those tasks and the inter-
face for those tools [28]. As suggested in the learner-centred framework [16], learners 
must be supported in their diverse needs and capacities. This is especially true for 
people with disabilities who can benefit from the successful integration of technology 
based learning offers in the educational scenario, creating a safe and personalized 
educational environment for the students [22]. Brown, McHugh, Standen, Evett, 
Shopland, and Battersby [6] in their article on the design of location-based learning 
experiences for people with intellectual disabilities and additional sensory impair-
ments provide concrete examples of evidence for the advantages that computer games 
provide for this particular target group. They argue that via computer games, learning 
can take place in a context similar to that in which it is required. This for example is 
important for a target audience described as ‘concrete thinkers’ whose performance is 
characterized as rigid and context dependent. Especially the notion of ‘context-aware 
learning’, which is of eminent importance for this target audience, finds translation in 
mobile devices. This technology is especially well suited to context-aware applica-
tions simply because it is available in different contexts [6]. Even though scientists 
have increasingly started to consider how technology can support the needs and ca-
pacities of learners, there still is a surprising lack of systematic evaluations that inves-
tigate the benefits of the ‘new’ communication technologies for SEN learners with 
more complex and severe communication and language needs at different stages of 
their education [8], [34]. 
This study investigates how SEN learners compared to average pupils engage with 
the mobile learning game in order to evaluate its design and implementation. In order 
to further specify the SEN group of learners we apply the definition of Davis and 
Florian [8]. In their study, several groups of children were described, among them 
children with speech, language and communication needs (SLCN). They are referred 
to as having specific speech and or language impairments (SSLI), or as children with 
specific speech and or language difficulties (SSLD) who are unable to express them-
selves in the normal effortless way, and where the difficulty cannot be attributed to 
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physical or sensory impairments, [3], [1] as cited in Davis and Florian [8]. They often 
have difficulties in learning to read, write and spell, in processing information and in 
sequencing and organizing activities. Research has provided evidence that educational 
software is capable to countervail this potential for development by providing chances 
to experience everyday situation, to explore curriculum related topics such as mathe-
matics or reading and vocabulary, to support attention or to promote problem solving 
skills [10], [35]. Also, Smith [26] in her study emphasizes that mobile technology is 
effective at facilitating and improving digital communication skills for students with 
intellectual disabilities, this way helping them to develop self-determination skills and 
increased autonomy.  
Our research aims at educational interventions for improving school children's' un-
derstanding of cardiopulmonary resuscitation (CPR) and engage them in practice. 
Addressing school children is regarded one toehold to enlarge the number of trained 
laymen who can provide CPR in case of emergency. Plant and Taylor [17] in their 
review point out diverse methods of first aid training that have been successful with 
children. They state that especially the use of “virtual worlds and multiplayer online 
simulation could be an attractive training and/or retention tool to use in this age 
group” (p. 3). Building on this evidence, we set up the mobile game simulation Hear-
tRun. It uses smartphones as a location-based gaming platform to enable an authentic, 
simulation like environment. Based on different roles it prompts learners to help the 
victim or to get an automated external defibrillator (AED) in order to help. Using 
mobile phones allows us to augment the situation with location dependent  
information as well as instructive, situation-dependent educational materials, to struc-
ture the process by sending out notifications monitor and to record user behaviour, 
which can be reused for later reflection and feedback sessions. A recent review by 
Zhu, Hadadgar, Masiello and Zary [36] corroborates this and in the context of medical 
education stresses the potential of augmented reality (AR) to improve health care 
learning from different educational objectives. Their work stresses AR to be “not only 
useful for healthcare learner understanding the spatial interrelationships and concepts, 
acquiring the skill and knowledge, strengthening cognitive psychomotor, shortening 
learning curve and prolonging learning retention, but also is subjective attractiveness 
for student because it provided them the authentic simulated experiences” (p. 15). 
With this paper we further contribute to research in the field. We present an AR 
learning game environment, which trains and increases procedural CPR knowledge, 
and evaluate its use for two different groups of learners, regular learners and learners 
with special educational needs (SEN). The studies assessed game usability and effec-
tiveness of the intervention, i.e. knowledge gain. The mobile simulation game in use 
was not explicitly designed as a learning tool for SEN students but was used to train 
them in the course of the general CPR school trainings. We report results from the 
formal usability studies and direct to the differences that surfaced in the perception of 
the educational mobile game by these two groups. Our focus was to better understand 
the different needs and requirements to learning materials that game designer need to 
take into consideration to make a learning experience successful for both groups of 
learners. This paper comprises a description of the research design and summary  
of the main data collecting methods that we adopted. This is followed by a description 
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of the game-concept. We conclude by discussing and highlighting design implica-
tions, which we derived from the research data. 
2 Related Work 
For the past decade, the field of health education and health care has started to inves-
tigate how digital games can assist in teaching first-aid concepts and cardiopulmonary 
resuscitation (CPR). The range of games currently available provides vital functional 
elements to address the problems related to health emergency training [18]. Staying 
alive1, for example, is a video-based 3D game experience that requires players to 
apply their CPR knowledge to a virtual person suffering from cardiac arrest. Other 
examples are LIVESAVER2, a crisis simulator that fuses interactivity with live-action 
film to show how to respond to heart attacks or Relive [23], a first person 3D adven-
ture to increase kids and young adults’ awareness on the need of instant CPR. The 
game prompts to attend CPR classes and prepares for intervention in case of cardiac 
arrest. 
By now, research offers little information on the outcomes of using games for 
teaching CPR. Marchiori, Ferrer, Fernandez-Manjon, Povar-Marco, Suberviola, and 
Gimenez-Valverde, [15] evaluated the First Aid Game3, a video-based game commis-
sioned by the Aragonese Center for Educational Technologies (CATEDU) that 
teaches high school students basic first-aid and reanimation procedures. Their study 
results indicate that unsupervised use of the video game in a single 45-minute session 
significantly improved their knowledge of the action protocol and the procedures 
involved (p. 435). Also, Tüzün [30] investigated the use of video games to teach first-
aid knowledge. The study points to their potential in yielding positive pedagogical 
changes, e.g. more active learning modes.  
With regard to mobile game-based learning, several approaches have come into ex-
istence that aim at improving the performance of an advanced life support provider in 
a simulated emergency situation, for instance [14]. Other examples are Icpr, [24], an 
iPhone application designed for laypersons and healthcare professionals. It is able to 
detect the rate of chest compressions performance by using the built-in accelerometer. 
Viva! CPR4 [23] is a smartphone application designed by the Italian Resuscitation 
Council that provides real time feedback on chest compression quality. Recent inno-
vative developments are more comprehensive such as the approach by Wattanasoon-
torn, Magdics, Boada, and Sbert, [33]. They describe a Kinect-based system for 
LISSA, (LIfe Support Simulation Application), which is able to provide feedback on 
the performance of specific parameters of the CPR procedure, i.e. chest compression 
rate and correct arm position. Results showed that using LISSA in combination with 
mannequin-based simulation led to improved achievement of teaching and learning 
                                                          
1
 http://www.stayingalive.fr/ 
2
 https://life-saver.org.uk/ 
3
 http://first-aid-game.e-ucm.es/ 
4
 http://www.viva2013.it/vivacpr 
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outcomes [32]. To the best knowledge of the authors, none of the existing applications 
to train resuscitation and CPR is based on a mobile simulation game approach.  
3 Instructional Design 
Drawing on previous results in the field of mobile learning and game-based learning 
for health education we set up the mobile game simulation HeartRun. We took the 
decision to base our CPR training on a mobile platform because we wanted to have a 
scenario that: 
a) is authentic, i.e. prepares learners to react adequately in a closely related situa-
tion. Within the game just as in reality, notification systems are the base for 
first responders. Dispatch centres send them in case of emergency. 
b) includes different locations and different roles. Within the game just as in real-
ity, different roles are involved in case of emergency. While one person gets 
the nearest automated external defibrillator (AED), another person already 
starts providing CPR to help the victim. A mobile game can include different 
locations and different roles. 
c) allows for situation-depended educational materials. In case of emergency sev-
eral steps need to be taken that are spatially distributed and that need to be ac-
cessed at different times. Simple augmentations of physical objects, places and 
situations can provide necessary information at the time needed. 
In order to realize features frequently associated with mobile games, i.e. coopera-
tive action between team players that have different tasks or roles and time-critical 
orientation in physical space [4], we based our development on the game engine AR-
Learn. It almost comprehensively reflects the required features. ARLearn is an open 
source tool suite for educators and learners [29]. Its android client allows playing a 
run with mobile users. By building on the Google App Engine (GAE) stack, the 
server architecture offers a scalable web service for content and notification manage-
ment as well as game state persistence [29].  
Comparable to an unexpected emergency, our training environment involves in-
stant decisions on what to do and the recall of CPR knowledge under unexpected 
circumstances involving time pressure and stress. This way we intend to enhance 
psychological preparedness of the rescuer and thus achieving a more prompt and ap-
propriate response. Social psychology presumes that ‘the more realistic the situation 
is made, the closer it is to reality, the better able the subject should be to imagine what 
he would actually do if he were in the real situation’ [9; p. 108]. The game is laid out 
to complement traditional resuscitation training. 
HeartRun is played in teams of two. Every team player is randomly assigned to 
one of the roles (player role AED and player role CPR). Opening the game, the first 
message shows. According to the operating mode of ARLearn, opening a message 
automatically triggers a new message. The set-up of the individual messages and the 
corresponding learning content is related to the Chain of Survival, i.e. (a) to prevent 
cardiac arrest, (b) to buy time, (c) to restart the heart and (d) to restore quality of life. 
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The line of action described there is reflected in the sequence of messages, e.g. mak-
ing sure that the victim and any bystanders are safe, checking the victim for a re-
sponse by gently shaking his/her shoulders and asking loudly: “Are you all right?“ 
 
     
Fig. 1. Game screens HeartRun: first message task, and instruction screen 
Time and location play an important role in the scenario. While Player A (role 
AED) heads for the AED, player B (role CPR) runs to the victim to provide CPR. At 
the scene of emergency a manikin is provided with which player B interacts. Mean-
while, player A searches the next AED. As soon as s/he found it and scanned the QR 
code attached to it, information on the AED is provided and the game requires 
him/her to bring the AED to the victim. At the scene of emergency another QR code 
is placed, which payer A has to scan. This synchronizes the players. Henceforth, both 
roles get the same information on how to correctly apply the AED. Both players fol-
low the instructions on the screen and apply the AED to the manikin until the ambu-
lance arrives (last message).  
HeartRun can be played several times, with participants switching roles. This way, 
the game allows students to perceive the emergency situation from different perspec-
tives. By “putting oneself into other’s shoes” they have the chance to experience and 
control both feelings of panic and fear of emergency. 
4 Method 
The two studies under analysis were conducted between September 2013 and Febru-
ary 2014. Both studies applied the same method and measures to catch positive and 
negative aspects of the activity. They similarly involved (a) an introduction phase 
where players were presented a short introduction to the game, e.g. how to read QR 
codes with a telephone and (b) the game phase with pupils playing HeartRun. For the 
gaming sessions, we relied on a number of smart phones we brought along and  
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randomly assigned pupils to one of the two roles involved in the teams (player role 
AED and player role CPR). While playing, intervention was kept to a minimum. The 
researcher’s role during the case study was participant observer. Participants had to 
fill in a form after they had played the game.  
With the studies we aimed at obtaining information on (a) how different learners 
perceive the game simulation, i.e. system usability, game-play experience, attitude 
towards the use of educational games in general and (b) their performance (knowl-
edge gain) as well as their self-assessed learning outcomes. 
4.1 Participants 
A total of 89 children played the game simulation. The sample size comprised pupils 
from two different schools with two groups of learners respectively: Group A con-
sisted of 53 subjects from a regular school in Landgraaf. Pupils were between 10 and 
15 years of age (M = 13 years, SD = 1.109). Group B encompassed 36 learners from a 
school for pupils with special educational needs in Stolberg. Pupils were between the 
ages of 12 and 18 years (M = 15 years, SD = 1.499). None of the pupils had played 
HeartRun before. 
4.2 Measures 
For the data collection we mixed qualitative data, such as videos and field notes of  
researchers’ observations and focus groups with quantitative data coming from a ques-
tionnaire, which was largely based on the standardized system usability scale (SUS). 
Quantitative data was analysed with Excel and the SUS guide and calculator package [21]. 
Learners’ Perception of the Game Simulation. To measure learners’ perception of 
the game simulation, we assessed system usability, learnability, game-play experience 
and attitude towards the use of educational games in general. In order to assess system 
usability and learnability, we chose the SUS because it is an accepted measure that 
makes results easily comparable [13]. We used the standard Overall SUS score, in-
stead of the 8-item Usability scale, because the Overall SUS allows estimating per-
ceived Learnability along with perceived Usability [13]. The items had to be rated on 
a 5-point Likert-scale ranging from 1=strongly disagree to 5=strongly agree.  
In order to further specify usability aspects from SUS feedback, we added four 
bound questions and one open text question in order to further improve the design of 
the simulation game as well as event log files generated automatically by the game 
(archived voice recordings and pictures taken). The bound questions provided a range 
of five to eight possible answers and learners were asked to mark any answer they 
considered appropriate. 
Learners’ Performance. To measure learner performance, we distributed a knowl-
edge test after the intervention in order to evaluate CPR knowledge. The test com-
prised four question items that were introduced and validated by medical experts in 
the course of the project EMuRgency [11]. Pupils had to mark their answer in a box. 
Furthermore, we added a bound question to contrast results from the knowledge-test 
with pupils’ self-assessed learning outcomes. The increase in active CPR knowledge, 
i.e. depth of pressure or frequency of pressure rates, was not assessed.  
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5 Results 
In the following we present the results from our study. This section is structured ac-
cording to the two different points of view we focus on: learners’ perception of the 
game simulation indicating system usability, learnability, game-play experience and 
attitude towards the use of educational games, and learners’ performance indicated by 
their knowledge gain. 
5.1 Learners’ Perception of the Game Simulation  
From the studies it showed that pupils from both groups readily engaged with Hear-
tRun, and found it to be a rewarding and stimulating experience. Children felt en-
gaged to learn by playing the mobile game application with the phones, and 67 out of 
89 children claimed they would like to use such systems in classes more often.  
With regard to system usability and learnability, i.e. the ease of getting used to the 
application, the HeartRun questionnaire reveals different values for the two studies. 
The overall SUS for Group A shows a mean SUS score of 53.3 (SD=17.5). The inter-
nal reliability as measured by Cronbach’s alpha is calculated at 0.754. Results indi-
cate a mean SUS score of 52.8 for usability and 55.0 for learnability. A SUS score 
between 51.2 and 62.4 could be considered grade D, i.e. a marginal level and on an 
adjective rating scale could be described as OK [2]. Results from Group B show an 
overall SUS of 69.6 (SD=22.0). The internal reliability as measured by Cronbach’s 
alpha is calculated at 0.879.  
Results reveal a mean SUS score of 72.9 for usability and 56.4 for learnability. Ac-
cording to standardized interpretation, a SUS score between 64.6 and 70.9 equals 
grade C, i.e. an acceptable level and on an adjective rating scale could be described as 
Good [2]. A mean SUS score above 72.4 equals grade B and on an acceptable level 
could be described as good to excellent (Bangor, et al., 2009). Table 1 compares the 
average values per questionnaire item from the two studies.  
Table 1. Comparison of SUS scores between group A and group B 
 
Group A Group B 
 
Items 
M 
n=53 
M 
n=36 
I think that I would like to use this game frequently to train BLS.  2.68 3.89 
I found the game unnecessarily complex.  3.06 1.92 
I thought the game was easy to use.  3.42 3.81 
I think that I would need the support of a technical person to be 
able to use this game. 
 2.92 2.72 
I found the various functions in this game were well integrated.  3.34 3.97 
I thought there was too much inconsistency in this game.  3.15 2.16 
I would imagine that most people would learn to use this game 
very quickly. 
 3.38 4.12 
I found the game very awkward to use. 3.06 2.03 
I felt very confident using the game. 3.17 3.65 
I needed to learn a lot of things before I could get going with this 
game. 
2.66 2.76 
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Quantitative feedback analysis shows that the inclusion of physical tasks was mo-
tivating and enabled participants to enhance their skills. Both groups of pupils rated 
the integration of time-critical physical tasks, i.e. running to the victim and saving the 
victims life by interacting with the manikin and providing CPR, to be strong motiva-
tional factors when playing the game. Table 2 compares results between the two 
groups. From this, it showed that pupils from study two were more engaged in game 
related activities than pupils from study one. Game elements such as looking at the 
videos were rated less important by children of group B (SEN) for their involvement 
in the game and considered them rather disturbing.  
Table 2. Importance of topics related to resuscitation and CPR as a percentage of the sample, 
comparison of results between group A and group B 
 
S 1: I found the videos disturbing.  
S 2: If such a video shows and you look at it. I stood there, for example, round about 
15 minutes and did not know what to do.  
S 1: That is almost redundant [video]. If I am supposed to save a life and then, I have 
to learn something. […] Researcher: Even though the videos were meant to informa-
tion you what to do next?  
S1: Yes even though, I would simply use audio items, because I do not look on the 
phone anyway. 
When asked for the disturbances while playing the simulation game, a different 
picture shows. Pupils mostly stressed the several technical problems they experi-
enced. The disturbances reported were mainly due to bad Internet connectivity, which 
is characteristically for many institutions. Bad network accessibility mainly hampered 
information access and caused a high degree of distraction and frustration. Due to 
connectivity problems some messages did not load correctly and/or immediately, 
videos did not show and scanning the barcodes did not always trigger the next item, 
thus they were stuck and the game did not progress. From table 3 it shows that pupils 
from group A considered videos and tasks more disturbing than SEN learners. Game 
data confirm this result. From the event log files and the archived game data it shows 
that learners from group A frequently skipped the voice recording task.  
 
 Group A (n=53) Group B (n=36) 
What was particularly important to 
you when playing the game? 
M 
 
No CPR 
(n=43) 
CPR 
(n=10) 
M 
 
no CPR 
(n=13) 
CPR 
(n=23) 
Fulfilling all the tasks 28.30 32.56 10.00 55.56 69.23 47.83 
Acting quickly 62.26 60.47 70.00 80.56 69.23 86.96 
Reading the text messages completely 33.96 34.89 30.00 30.56 30.77 30.44 
Looking at the videos 33.96 39.54 10.00 25.00 30.77 21.74 
Saving the victim’s life 60.38 58.14 70.00 77.78 76.92 64.29 
Learning how to provide CPR 39.62 41.86 30.00 30.56 46.15 21.74 
Learning how to use the AED 49.06 55.81 20.00 44.44 30.77 52.14 
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Table 3. Disturbances when playing the game, comparison between group A and group B 
What has disturbed you when playing the game?   
 Group A 
n=53 
Group B 
 n=36 
graphics/design 0.245 0.027 
usablity 0.151 0.027 
audios 0.189 0.054 
videos 0.264 0.027 
tasks 0.208 0.027 
technical problems 0.396 0.432 
nothing 0.245 0.514 
The multitasking, i.e. moving in the physical environment and at the same time 
processing mobile information, was not considered problematic. When asked if the 
device was in the way participants from both groups responded along the same lines 
and one student poignantly put it: If I can text friends while driving on my scooter, I 
can easily use a mobile device while running around in the school building.  
When asked for the kind of support they would have wished for in order to make 
the game work better for them, both groups frequently replied in favour of a usage 
scenario of 1:2 (as in pair work, sharing a device). They argued that this way: “… 
they could compare notes. One deals with the device, the other one acts. This way 
both players could help each other. 
S 1: The fact that two people can make it together, running and so. 
Researcher: Two people with one cell phone?  
S 1: Yes S 2: To discuss what to do next.  
S 1: Yes, I think so too. 
From the qualitative feedback it showed that both groups valued the list of message 
items because it helped them to structure the process and guided them through the 
course of action. For the SEN learners, the organisation of the message items was 
rather problematic. They had problems connecting individual messages and tasks to 
the overall process: “The relationship of the messages was not clear. It was difficult to 
keep the overview. Maybe better use something else, like a list to check off. ” 
5.2 Learners’ Performance 
With regard to learner performance, table 4 shows that pupils assessed their learning 
high when interaction with tangibles was involved, i.e. providing CPR (on the mani-
kin) and using the AED. This is true especially for the SEN learners and for learners 
who had no resuscitation training beforehand. Results suggest that regular learners 
who already had resuscitation training rather took interest in different process oriented 
issues than learners who had never had resuscitation training before, e.g. securing the 
scene of emergency, calling emergency, or opening the airway. As for the SEN learn-
ers, there is little difference between pupils who already had resuscitation training and 
those who stated that they have never had resuscitation training before. 
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Table 4. Self-assessed learning outcomes as a percentage of the sample, comparison of results 
from group A and group B 
 
We added the knowledge test to our study in order to further detail the results and 
effects of mobile game applications for diverse groups of learners. From group A, a 
total of 24 pupils completed the knowledge test. With regard to group B, a total of 19 
pupils completed the knowledge test. A total of 23 out of 24 pupils from group A 
already had resuscitation training. With regard to group B, 14 pupils out of 19 already 
had resuscitation training. Results from the knowledge test confirm the tendency of 
results pupils’ self-assessed learning outcomes. Table 5 shows that pupils from group 
A attained higher scores than pupils from group B. 
Table 5. Correct answers from the knowledge test from group A and group B 
Knowledge Test  Average number of questions  
answered correctly 
 Group A 
(n=24) 
Group B 
(n=19) 
What is the European emergency number?   1.000 0.684 
Where must you place your hands when providing 
Cardiopulmonary Resuscitation (CPR)? 0.958 0.579 
People who have a cardiovascular arrest, do not 
move and show no respiratory movements. 0.875 0.789 
What does this sign stand for? (AED sign) 1.000 0.189 
6 Discussion 
The primary purpose of this study was to evaluate design and implementation issues 
of a mobile game for learning that is meant to engage school children in using such an 
educational tool for learning. Its particular focus was on the possibilities technology 
offers to support the diverse needs and capacities of learners. By investigating the 
benefits of a simulation game for both regular and SEN learners it illustrates the dif-
ferences, which individual design mechanisms have regarding learners’ perception of 
the game simulation, i.e. system usability, game-play experience, and attitude towards 
the use of educational games in general and their impact on learners’ knowledge gain.  
 Group A (n=53) Group B (n=36) 
Do you think you have learned 
something in the field of …? 
M 
 
No CPR 
(n=43) 
CPR 
(n=10) 
M 
 
no CPR 
(n=13) 
CPR 
(n=23) 
Securing the scene of emergency  46.15 18.18 53.66 27.03 23.08 29.16 
Checking the victim for a response  34.62 18.18 39.02 37.83 30.77 41.66 
Calling emergency  36.54 36.36 36.59 32.43 30.77 33.34 
Checking for normal breathing  25.00 36.36 21.95 32.43 23.08 37.50 
Opening the airway  23.08 36.36 19.51 24.32 23.08 25.00 
Providing CPR  30.77 9.10 36.59 59.46 61.54 58.33 
Using the AED  59.62 54.55 60.98 59.46 53.85 62.50 
Rescue Breathing  19.23 18.18 19.51 18.92 23.08 16.67 
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Results from the usability study indicated that SEN learners were in favour of the 
game and considered it less complex. In general, they rated the system usability of 
HeartRun good. It can be argued that the introduction of innovative technology ac-
counts for this result. For the SEN learners, using smartphones for learning was an 
absolute novelty. It showed that several of the SEN learners did not possess a state-of-
the-art smartphone and therefore were very enthusiastic about using the devices for 
learning, which is reflected in their answers. On the other hand, learners from the 
group of regular education were not as positive, reflecting on the benefits and draw-
backs as well as the appropriateness of the use of mobile technology. Almost all of 
them possessed a smartphone, many of them were state-of-the-art devices and on 
regular intervals they had access to new technology for learning.  
Learners from both groups perceived physical activities, e.g. acting quickly and 
saving the victim’s life as the most vital element for engagement. This is substantiated 
by connatural research. For example, Blum, et al., [4] report research wherein the 
initial task immediately put players into action and created a physical and emotional 
peak, which involved players in the simulation game. However, coordinating tasks 
such as receiving directions on the device while running through the physical envi-
ronment needs careful consideration. In this context, audio emerged as a core design 
issue. Setting up the task with audio instructions that direct players through the envi-
ronment avoids an unnecessary switch of visual focus (looking at the device to read 
subsequent instructions while players are already running to get to the scene of emer-
gency), which is also a safety issue. This especially is true for children between 11 
and 14 years, who quickly became immersed in the game and acted as if they were in 
a real emergency situation. However, an in depth analysis of qualitative and quantita-
tive feedback also yielded three differences between the two groups of learners. 
The first difference concerned the switch between the integrated tasks and the 
smartphone. Pupils from group A (learners from regular education) rated the videos 
and especially the tasks disturbing. Game data confirmed this result. From the event 
log files and the archived game data it showed that learners from group A frequently 
skipped the voice recording task, which could have enabled them to enhance their 
skills. Shatte, Holdsworth, and Lee [25] also state that dealing with mobile devices 
frequently requires multitasking, e.g. processing mobile information and learning, 
which is often taken as hurdle for learning. However, transcripts showed that pupils 
from group B took the effort to make use of this learning offer. Switching between 
device, task and physical environment is sometimes credited with a potential for sen-
semaking activities i.e. the device supports people in finding structure in an uncertain 
situation through using a combination of information, communication and computa-
tion [20]. Future studies should target the perception of task-based interactions in 
more detail for the reluctance of pupils to carry out tasks, e.g. video or voice re-
cording tasks in the course of mobile learning experiences is a frequently reported 
phenomenon.  
Second, collaboration and co-operation between learners showed to be of impor-
tance. From the qualitative feedback it surfaced that pupils strongly supported a stu-
dent – device ratio of 1:2, in order to support discussion and collaboration among 
team members. The importance of co-operative action for pupils with learning dis-
abilities (children with specific speech and or language difficulties) has been high-
lighted in several contexts. It allows exploring new technologies with a peer, which 
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makes them feel more confident [5] and provides opportunity to apply interactive 
communication and language skills, which they have been taught elsewhere [35]. This 
accords with the ideas of Vygotsky’s Zone of proximal development [31], which em-
phasizes the collaboration with peers as decisive element for developing skills and is 
corroborated by recent research.  
The third difference was related to scaffold learning. The notion of scaffolding in the 
context of interactive learning environments refers to software as supporting instance for 
learners that structures activities by organized material and clear instructions for example 
[35]. Reiser [19] describes software scaffolding as providing “some aspect of support that 
helps make the learning more tractable for learners.” (p. 275). In the context of Hear-
tRun, sequencing elements, i.e. text message items, were provided that structured the 
resuscitation activities involved and reminded learners what steps to take. For SEN pupils 
this element provided orientation and it was considered helpful. However, for the SEN 
learners, the organisation of the message items was not intuitive. 
7 Conclusion 
This paper has reported on a formal usability study comparing SEN learners having spe-
cific speech and or language difficulties and learners from regular education. The mobile 
simulation game in use was not explicitly designed as a learning tool for SEN students 
but was used to train them in the course of the general CPR school trainings. From this, 
several design issues emerged regarding their perception of the game, which this paper 
collocated. Results clearly showed differences in the perception and effectiveness of 
individual mechanisms for the two groups with regard to switching between tasks and 
devices as well as physical movement and activities. The purpose of our studies was to 
turn the attention of educational designers to possible weak-points when designing tech-
nology-based learning offers for this particular target group. 
From the gaming sessions it showed that mobile devices can effectively support 
real-life activities and facilitate the switching between such activities and tasks on the 
mobile, which is substantiated by connatural research [20]. Learners with special 
needs highly valued the application, even though the handling was hampered and less 
clear for them. What proved to be essential for them were the activity elements, the 
structured content and its relevance to real-life situations. Even though there is evi-
dence that SEN learners gain much benefit from using ICT, there has been a lack of 
research investigating the differences of using ICT and more specific mobile technol-
ogy for people with SEN [35]. 
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